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Abstract 
Carbon Capture and Storage (CCS) is considered to be a key technology that can help fight 
climate change. The European Union has pledged significant funds to support the 
completion of 10-12 large-scale CCS demonstration projects by 2015. Fortum and 
Teollisuuden Voima (TVO) are developing such a demonstration project at the Meri-Pori 
power plant. The project would fit especially well with the EU’s demonstration programme. 
The project envisages a capture plant that would treat about 50% of the 565 MW 
condensing coal plant's flue gases with a capture rate of over 90%. It plans to combine CO2
post-combustion capture technology with ship transportation of the CO2 to an offshore 
storage site abroad, where enhanced oil recovery opportunities would be explored in 
conjunction with CO2 storage. The project, called FINNCAP, is one of few large-scale CCS 
projects that will be able to start operations by 2015 in accordance with EU requirements. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
Carbon Capture and Storage (CCS) is considered one of the most promising technologies for 
climate change mitigation in the coming decades. According to the International Energy 
Agency (IEA), CCS should provide up to 20% of the needed emission cuts that would limit 
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CO2 concentration in the atmosphere below the targeted 450 ppm limit2. In order to 
accelerate technological development, the European Union has reserved significant funding 
for 10-12 large-scale CCS demonstration projects that should be operational by 20153. The 
EU plans to auction 300 million Emission Trading Scheme (ETS) allowances on the market 
to support the portfolio of CCS and renewable energy projects (NER300). The revenue from 
the NER300 auction is expected to reach several billions of euros. 
Fortum and Teollisuuden Voima (TVO) are developing a CCS demonstration project at the 
Meri-Pori power plant, a 565 MW super-critical condensing coal power plant located in 
Western Finland. The FINNCAP project involves Fortum and TVO as the power plant owners, 
Siemens as the carbon capture technology partner, Maersk Tankers as the transportation 
partner and Maersk Oil as the storage partner. The project has unique features amongst the 
large-scale CCS demonstration projects in Europe like the ship transportation of CO2. The 
project partners believe these features place FINNCAP in a good position to apply for 
funding from the NER300 support mechanism and to become one of the EU's CCS 
demonstration projects. 
2. Project overview 
FINNCAP is one of the largest integrated CCS demonstration projects globally. The Meri-Pori 
power plant is situated outside the city of Pori in Western Finland. In the project, CO2
capture technology will be combined with ship transportation and geological storage in 
offshore Danish subsurface geological formations. The project aims at capturing, 
transporting and storing more than 1.2 million tones of CO2 annually which corresponds to 
about 1.5% of Finland's annual CO2 emissions.
The overall project schedule for FINNCAP is presented in Figure 1. Feasibility studies 
completed in 2008-2009 concluded that a CCS demonstration at the Meri-Pori power plant is 
technically feasible. Prospective project partners were also evaluated extensively. In 2009, 
Siemens Energy was selected as the CO2 capture partner for the project. That same year, 
Fortum and TVO entered a co-operation agreement with Maersk Oil for the geological 
storage of CO2, as no suitable sites exist in Finland. Maersk Tankers agreed to develop the 
ship transportation concept and ship the liquefied CO2 to the storage site.  
The project consortium thus consists of top players in different parts of the CCS value chain. 
Fortum and TVO represent leading low-CO2 power producers in Northern Europe, while 
Siemens Energy is one of the world's largest equipment suppliers in new energy 
technologies. These companies will co-operate closely to engineer and design the capture 
plant, the liquefaction facilities and the intermediate storage at the Meri-Pori site. Maersk Oil 
and Maersk Tankers - both part of the Danish A.P. Moller - Maersk Group - possess high 
level in-house knowledge in maritime transportation and subsurface operations.  
2 Energy Technology Perspectives 2008. International Energy Agency. 
3 Communication from the Commission to the European Council and the European Parliament - An Energy Policy for 
Europe. 10.1.2007. Available at http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:52007DC0001:EN:NOT. 
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The project schedule in Figure 1 is based on the assumption that the European Commission 
chooses the CCS demonstration projects to be funded by the NER300 by the end of 2011. 
The front end engineering and design (FEED) will be completed before the final investment 
decisions are made in the summer 2012. Results from the FEED are vital to have a clear 
and accurate picture of the plant’s technical and economic performance prior to final 
investment decision. The CCS system is planned to be operational in 2015. 
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Figure 1 Project schedule for FINNCAP 
3. CO2 capture at power plant 
Siemens Energy's amino acid salt post-combustion technology will be used to capture CO2.
The capture plant would treat 50% of the 565 MW power plant's flue gases with a capture 
rate of more than 90%. The annual amount of CO2 captured and stored will exceed 1.2 Mt. 
Sulphur oxide and particulate emissions will also be reduced significantly. Siemens Energy's 
capture technology was selected through an extensive tendering process in 2009. Most 
prospective capture technology suppliers participated in the tender in which both oxyfuel 
and post-combustion technologies were evaluated for the power plant. 
Siemens Energy’s amino acid salt technology was selected because its energy efficiency and 
environmental performance was considered to be particularly good. Based on feasibility 
studies, the estimated energy penalty from operating the capture and liquefaction plant is 
~5%-points of the plant's total efficiency (corresponding to ~65 MW) for the 50% capture 
system. The capture technology has been successfully tested at a pilot plant in Germany4.
4 Jockenhövel T, Schneider R, Rode H. Validation of a second-generation post-combustion capture technology - 
Results from POSTCAP pilot plant operation. PowerGen Europe 8.-10.6.2010.
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The amino acid salt technology is seen as better than traditional amine based capture 
technologies because the solvent does not have vapour pressure and thus has practically 
zero chemical emissions. In addition, the solvent is naturally present and biodegradable. 
The chemical and water consumption of the capture system is significantly lower than for 
amine-based capture technologies. 
The existing Meri-Pori power plant will be retrofitted with the CO2 capture process (Figure 
2). This novel capture concept offers large potential for future retro-fit projects and 
FINNCAP is therefore a relevant retro-fit case for technology transfer inside Europe. Project 
participants are capable of applying the technology also outside Europe. 
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Figure 2 CCS system at Meri-Pori power plant 
4. CO2 transportation 
The FINNCAP project is currently the only large scale CCS demonstration project in Europe 
that aims to transport CO2 by ships from the power plant directly to an offshore storage 
site. Maersk Tankers has already produced blueprints to build tanker vessels suitable for 
CO2 transportation. Maersk Tankers has vast experience of transporting liquefied 
petrochemical gases. The ship transportation cost for demonstration volumes (1.2-1.7 Mt/a) 
is expected to be comparable to the costs of a 200-300 km onshore pipeline, or just 10-15 
percent of the true distance from the power plant to the Danish North Sea storage sites. 
The weekly CO2 production from the capture system is expected to reach about 33,500 
tons. Temporary storage will be needed at the power plant site because of the discrete 
nature of the ship transportation process. Preliminarily, temporary storage has been 
designed for approximately 25,000-30,000 m3 corresponding to 1.2-1.5 times the size of 
the vessels to be built for CO2 transportation. 
CO2 shipping was chosen for the FINNCAP project because Finland does not possess suitable 
geological formations for CO2 storage and the CO2 needs to be transported over long 
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distances across seas. Building a pipeline would also entail a difficult permitting process. 
Although pipeline costs could be significantly reduced with larger CO2 volumes, the FINNCAP 
project has no possibility of constructing common pipelines with other projects. Shipping is 
a flexible alternative compared to pipelines as it could combine CO2 sources with multiple 
storage sites, which can prove especially valuable if the CO2 is used for enhanced oil 
recovery (EOR). Ship transportation also allows for shorter project development periods. 
Thus, CO2 ship transportation can play an important role in the CCS business especially in 
the initial development phases and in conjunction with offshore operations. 
The shipping industry is experienced at transporting other gases and substances in similar 
conditions, such as liquefied petroleum gas, ammonia, etc. The project sees CO2
transported in semi-refrigerated vessels (approximately -50 ºC, 7 bar). The transportation 
distance to the Danish oil fields is ~2000 km. The current estimate shows a roundtrip would 
take a minimum 160-185 hours, including CO2 loading (10-12 h) and unloading (over 10 
hours, dependant on site conditions). According to current estimates, the project would 
require two vessels with the capacity of ~20,000 tons in constant operation. However, final 
value chain optimization may change the ship capacity estimates to some extent. 
CO2 carriers may use a Floating Storage and Injection Unit (FSIU) or an offshore platform to 
offload their cargo, depending on possible injection rates and the applicability of other 
intermediate storage options at the field. This is the same principle used by shuttle tankers 
to load offshore. 
5. CO2 final storage  
The geological storage in the FINNCAP project is planned to take place in the depleted oil 
and gas fields of the Danish North Sea. Maersk Oil is currently investigating opportunities 
for CO2 storage as well as potential for enhanced oil recovery. The Danish offshore 
subsurface is estimated to possess vast storage capacity for CO2 — according to recent 
estimates, the 11 most promising geological formations have a combined storage capacity 
of approximately 17 gigatonnes5.
A number of different storage options were considered for the FINNCAP project around 
Baltic Sea and in the North Sea region. The closest possible storage sites are located 
approximately 1000 km away from Meri-Pori. Both onshore and offshore options were 
considered, but offshore storage was found more appealing due to public awareness issues. 
Offshore storage presents also opportunities to utilize existing infrastructure and potential 
for enhanced oil recovery.  
6. System integration and optimization 
The carbon capture and storage chain consists of three main steps each requiring 
knowledge from significantly different areas of expertise. This has been the starting point in 
5 Geological Survey of Denmark and Greenland. Assessing European Capacity for Geological Storage of Carbon 
Dioxide. Geocapacity 2009.
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forming the project consortium. Value chain optimisation and system integration are 
especially important in order to develop a competitive and successful demonstration project. 
The biggest single cost of a CCS system is the capital expenditure of building and 
integrating a CO2 capture and compression facility at a power plant. These costs represent 
65-90% of the additional costs due to CCS.6
Transportation costs vary significantly depending on project-specific conditions. According to 
Gale and Davidson (2005) offshore transmission in pipelines is roughly twice as expensive 
as onshore transmission. Regulatory aspects can however limit on-shore pipelines. Gale and 
Davidson also examined the effect of CO2 volumes on transportation costs. The cost of 
transporting CO2 captured from a single source is three times bigger than the cost of 
transporting CO2 from 10 similar sources that have been connected before transportation.7
Ship transportation is considered especially suitable for relatively long distances and 
offshore storage locations. 
Significant exploration needs to be done to locate a suitable storage site. Using depleted oil 
and gas fields is thought to be less risky compared to, for example, aquifer storage as the 
exploration has already been done and it is known that the site has stored hydrocarbons in 
the past. In FINNCAP, site investigations are done by Maersk Oil concentrating in oil and gas 
fields in the Danish North Sea. 
Fortum and TVO are responsible for leading the FINNCAP project as a whole, which includes 
integrating the capture, transportation and storage systems. Integration requires system 
level inspection of the total benefits that one part has to the whole system. One example of 
a system interface affecting several sections of the value chain is the direct connection 
between the size and number of transportation ships and the size of the temporary storage. 
Also the offloading systems and possible offshore intermediate storage or floating storage 
injection unit can have important implications to the system design at various phases. A 
balance needs to be found that maximizes the whole project's economic value given certain 
premises. The project consortium has planned joint procedures for design and 
communication that aim to maximise the total project value. 
7. Permitting and risk management 
The most important licenses for power plants and related systems under Finnish law are an 
environmental permit and a construction permit. The Environmental Impact Assessment 
(EIA) process was completed in August 2010. The environmental permit process can now be 
started with the aim of obtaining an environmental permit by June 2011 and the 
construction permit by June 2012 prior to the final investment decision. 
6 Damen K, van Troost M, Faaij A, Turkenburg W. A comparison of electricity and hydrogen production systems with 
CO2 capture and storage—Part B: Chain analysis of promising CCS options. Progress in Energy and Combustion 
Science 2007;33;580–609. 
7 Gale J, Davidson J. Transmission of CO2—safety and economic considerations. Energy 2004;29;1319–1328. 
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As the EU CCS Directive has not been transposed into national legislation, CO2 storage 
permission and associated requirements, especially regarding long-term liability and site 
abandonment, are still an open issue. The current EU ETS directive does not cover CO2
transportation by ships. Ship transportation is also excluded from the monitoring and 
reporting guidelines prepared by the EU Commission. The project organisation has started 
negotiations with the relevant authorities nationally and on a European level to come up 
with amendments to the relevant directives and monitoring and reporting guidelines. 
A novel project like FINNCAP always includes various risks. The project leaders have 
evaluated potential risks, and the FEED work is aimed at mitigating a majority of the risks 
related to the CCS project development to as large an extent as possible. The main issues 
are related to technological, subsurface, stakeholder, schedule and budget risks. 
As for technological risks, a significant upgrade of the capture system will be required from 
pilot scale to large-scale demonstration. The main issue is to ensure equal distribution of 
the amino acid salt water mixture in the absorption column. Siemens Energy has 
successfully conducted conducting pilot tests at the Staudinger power plant in Germany 
where different process configurations have been tested. During the FEED, the capture 
system shall be designed and simulated to full extent in order to prevent problems in the 
construction and operation phase. 
Maersk Oil is investigating the potential risks related to CO2 geological storage and 
enhanced oil recovery. For example, long-term containment of CO2, rock-fluid interactions, 
pressure distributions and well integrity issues will have to be carefully considered prior to 
making the final investment decision. However, Maersk oil possesses extensive data 
regarding the oil and gas fields that can be utilised for assessing and simulating field 
performance before the actual project implementation phase. 
Fortum and TVO have initiated a communication plan and continuous dialogue with key 
stakeholder groups in order to ensure smooth project development with regard to 
stakeholder concerns. For a successful roll-out of the CCS project, it is vital to gain wide-
spread trust and support for the technology. This applies especially to demonstration 
projects where a significant part of the project funding shall be provided by public sources. 
As part of the EIA, a questionnaire was sent out to people living in the vicinity of the Meri-
Pori power plant. The FINNCAP project was considered to have positive value for the region 
although general knowledge of the CCS technology is still on rather low level. The EIA 
process has ensured that anyone with an interest in the project has had his/her say 
regarding the project.   
The main environmental concerns at the power plant are related to possible leakages of CO2
or the absorption chemical. Amino acid salt does not have a vapour pressure, which means 
the risk for chemical releases in normal operation is especially low. Fortum and TVO have 
initiated workshops with gas processing companies to identify and mitigate the most 
important environmental risks related to the operation of the CCS systems. Fortum has also 
an environmental management system certified according to the ISO14001 standard.  
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All CCS projects have major concerns related to the project implementation schedules. This 
is partly because the existing incentive mechanisms have been found insufficient for CCS 
development and most projects need to rely on tailored government funding. Also the 
novelty of technological solutions may lead to additional challenges in scheduling of works. 
There are also certain risks related to the timely acquisition of permits and licenses and 
actual design and construction periods. Fortum has long-term experience of power plant 
project development whereas Maersk Oil has extensive experience of E&P operations in 
offshore locations. Both companies can thus implement internal routines to ensure smooth 
project development. In addition, the FINNCAP project has an advantageous position 
compared to most other CCS projects because there is no need for pipelines and/or onshore 
storage development. 
The FINNCAP is one of the first large-scale CCS projects in Europe. This has some budget 
implications as there are no reference cases from the past. Fortum and TVO have 
established internal project development procedures to ensure that budgets are met with 
high accuracy during large project implementation. The FEED project shall result in a 
situation where all major equipment for the capture, liquefaction and intermediate storage 
will have fixed tenders and all cost estimates have the accuracy of +/-10%. There are also 
economic risks related to offshore EOR operations, such as the level of additional oil 
recovery and investment in offshore-technologies. 
8. Conclusions 
CCS is considered a vitally important technology to overcome the huge challenge of climate 
change mitigation. A set of large-scale demonstration projects is needed to develop the 
technology further. The EU has developed a major part of the legislation to govern CCS 
operations and pledged important funding for 10-12 large-scale CCS projects.  
Also project developers are committed to making important investments and taking on a 
major part of the project risks to make the programme a reality. However, support from 
national governments is needed to successfully implement the desired 10-12 CCS 
demonstration projects in Europe by 2015. The CCS directive needs to be transferred into 
national legislation and member-state funding has to be in place in order to create 
reasonable conditions to take the demo projects into implementation phase. 
The FINNCAP project would offer several unique features to the European CCS 
demonstration programme. A novel CO2 capture technology is combined to an especially 
interesting transport and storage concept where CO2 is transported by ships to an abroad 
offshore storage site. Also EOR opportunities are explored in conjunction with CO2 storage. 
In addition, FINNCAP is one of the few large-scale CCS projects globally that are able to 
start operations by 2015 in accordance with EU requirements. 
5606 M. Iso-Tryyka¨ri et al. / Energy Procedia 4 (2011) 5599–5606
